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Extended Fig. 1. Generation of haemophilia B mice by injection of sgRNA and SpCas9 

mRNA into zygotes 

(A) Schematic diagram of sgRNA targeting exon 8 of mouse F9. (B) Method to generate 

CRSPR/Cas9-mediated haemophilia B mice. sgRNA and SpCas9 mRNA were injected into 

zygotes and transferred into pseudo-pregnant female mice. (C) Cas9-mediated cleavage of F9 

in founder mice detected using the Surveyor® nuclease assay. Red arrows represent a 

mutation. (D) Plasma levels of FIX:C in founder mice positive for the Surveyor® nuclease 

assay. (E) Sequence of the F9 locus in F2 male mouse derived from a founder.  

 

  



 

 

 

 

 
 

 

 

Extended Fig. 2. Comparison of promoter activity between HCRhAAT promoter and 

TBG promoter 

AAV8 vector expressing luciferase under control of a chimeric promoter (HCRhAAT; an 

enhancer element of the hepatic control region of the Apo E/C1 gene and the human 

anti-trypsin promoter) or thyroxine-binding globulin (TBG) promoter was intravenously 

injected into 7-week-old C57BL/6J male mice (1 × 1011 vector genome/body). (A) In vivo 

bioluminescence images were obtained using an IVIS Imaging System at 14 days after 

administration. (B) In vivo bioluminescence of mice was quantified (photons/s). Values are 

mean ± SEM (n=3). 

 

  



 

 

 

 

 

 

 

Extended Fig. 3. Expression of SaCas9 in hepatocytes and histological analysis of the 

liver from mice treated with AAV vector expressing SaCas9 

AAV vector expressing SaCas9 and sgRNA targeting F9 was intravenously injected into 

C57BL/6J mice. (A) SaCas9 expression in the liver was assessed by immunohistochemical 

analysis at 12 weeks after vector injection. (B) Liver sections at 12 weeks after vector 

injection were stained with haematoxylin and eosin. Sections were observed with an 

all-in-one microscope (BIOREVO BZ-9000; KEYENCE, Tokyo, Japan) at ×400 

magnification. Higher magnifications of the boxed regions are shown in right-hand images. 

Scale bars, 50 µm. Control (a and d): C57BL/6J mouse without AAV administration; Low 

dose (b and e): C57BL/6J mouse treated with 3 × 1011 AAV vector genome/body; High dose 

(c and f): 1 × 1012 AAV vector genome/body. 

  



 

 

 

 

 
 

Extended Fig. 4. Liver-specific genome editing using the AAV8 vector 

AAV8 vector expressing SaCas9 and sgRNA2 targeting F9 was intravenously injected into 

C57BL/6J mice (1 × 1012 vector genome/body). Cas9-mediated cleavage of F9 in indicated 

organs was assessed using the Surveyor® nuclease assay at 12–16 weeks after vector injection. 

Control was DNA from non-treated C57BL/6J mice. Red arrows represent a mutation. 

 

  



 

 

 

 

 

 

Extended Fig. 5. Surveyor®
 assay of potential SaCas9 off-target sites 

AAV8 vector expressing SaCas9 and sgRNA2 targeting F9 was intravenously injected into 

C57BL/6J mice (1 × 1012 vector genome/body). Cas9-mediated cleavage of 28 potential 

off-target sites was assessed using the Surveyor®
 nuclease assay. The same liver genomic 

DNA confirming non-homologous end joining were assessed (Mouse 1 and 2). Control was 

liver DNA from non-treated C57BL/6J mice. 

 

  



 

 

 

 

 

 

 

 

 

 

Extended Fig. 6. Determination of sgRNA sequences targeting F9 intron 1 

(A) NIH-3T3 cells were transduced with plasmid vector expressing SaCas9 driven by 

cytomegalovirus promoter and each sgRNA targeting F9 intron 1. Cas9-mediated cleavage of 

F9 was assessed using the Surveyor®
 nuclease assay. (B) AAV8 vector expressing SaCas9 

and sgRNA3 targeting F9 intron was intravenously injected into 7-week-old C57BL/6J male 

mice and Cas9-mediated cleavage of F9 in the liver was assessed using the Surveyor® 

nuclease assay. Control was liver DNA from non-treated C57BL/6J mice. Red arrows 

represent a mutation.  

 

  



 

 

 

 

 

 

 

Extended Fig. 7. Genotyping of F9 locus with HDR and insertion of template at DSB 

(A) The F9 locus was targeted by HDR and the direct insertion of template by creating a 

DSB in F9 intron 1 via SaCas9 expression and supplying an AAV8 donor template. (B, C) 

Haemophilia B mice treated without (Control) or with AAV8-SaCas9 (intron 1) and 

AAV8-Targeting (Mouse 1 and 2). (B) PCR analysis of liver genomic DNA to examine HDR 

and insertion at DSB at 6 weeks after vector injection. Genotyping using primers (black small 

arrows) can distinguish HDR and the insertion by-product size. (C) RT-PCR of liver RNA to 

confirm expression of codon-optimized F9 mRNA from the targeted genome sequences. 

  



 

 

 

 

 

 

 

Extended Fig. 8. Sensitivity of the Surveyor® nuclease assay to detect the mutation 

PCR products of F9 liver DNA obtained from C57BL/6 mice were mixed with those of 

haemophilia B with the mutation at the indicated ratio. The mixed samples were denatured 

and re-annealed using a thermal cycler, and then treated with Surveyor® nuclease. DNA 

fragments were analysed using agarose gel electrophoresis. The assay could detect 5% of 

mutations.  

 


